The measurement of the thrombosis in myocardial infarction (TIMI) frame count is a simple method for evaluating coronary blood flow. Although it is well known that slow coronary flow is present in patients with coronary artery ectasia (CAE), the effects of coexisting stenosis and the severity of ectatic involvement on coronory flow have not been adequately studied. Thus, we examined (1) the effect of coexistence of obstructive coronary artery disease on TIMI frame count (TFC) and (2) the relation between the severity of ectatic involvement and TFC in patients with CAE. Ninety-seven study patients with CAE were examined in two steps to determine if they were appropriate in terms of the aim of this study. In the first step, ectasias were divided into three groups: an isolated CAE group, a CAE group with coexisting nonsignificant stenosis, and CAE with coexisting significant stenosis. In the second step, ectasias were subdivided into three groups: CAE with one segment, two segments, and three segments (or diffuse) involvement. The TIMI frame counts for the right coronary artery (RCA), the left circumflex coronary artery (LCx), and the left anterior descending artery (LAD) in the ectasia group were significantly higher than that of the control group (P < 0.001, P < 0.05, P < 0.05, respectively). The presence of coexisting nonsignificant stenosis or coexisting significant stenosis in patients with CAE did not influence TFC (P > 0.05, for all). In addition, the severity of ectasia involvement, regardless of the localization of ectatic segments and the type of the affected vessel, did not change the TFC (P > 0.05, for all). These results suggest that neither the coexisting stenosis nor the extent of involvement significantly affect TFC in patients with coronary ectasia. (Int Heart J 2005; 46: 211-218) 
ever, extensive atherosclerotic changes and destruction of the media of the coronary artery vessels seem to play a role in the pathogenesis of CAE. 8, 9) The thrombolysis in myocardial infarction (TIMI) frame count is a simple clinical tool for measuring and assessing coronary blood flow. Previous studies have showed that this measurement is significantly correlated with flow velocity measured with a flow-wire during baseline or hyperemia. Specifically, it has been shown that slow coronary flow status is present in coronary ectasia. [17] [18] [19] [20] Several attempts have been made by using TIMI frame count to determine whether there is slow coronary flow in CAE. 19, 20) To the best of our knowledge, there is only one study that has examined the effect of coexisting stenosis by means of the TIMI frame count method, 21) while no study has investigated the severity of ectasia involvement on slow coronary flow. Moreover, the study did not provide any detailed information about the relationship between TFC and the coexistence of obstructive coronary artery disease or the severity of ectatic involvement.
The present study was designed to elucidate how the coexistence of coronary stenosis and the severity of ectatic involvement influences coronary blood flow in patients with CAE using the TIMI frame count method.
METHODS
The study population included 97 patients with coronary artery ectasia (77 men, 20 women). The patients were selected from among 7200 patients undergoing coronary angiography between December 1998 and September 2003 in our department. The control group consisted of 35 patients with angiographically proven normal coronary arteries.
Evaluation of coronary artery ectasia by coronary angiography:
Coronary angiography was routinely performed by the Judkins technique using 6-French right and left heart catheters (Integris H 3500 and 5000, Philips Medical Systems Turkey). At least five views of the left and two of the right coronary artery were recorded on 30 frames per second. Films of all patients with evidence of coronary ectasia were reviewed by three investigators, and a consensus was reached without knowledge of the clinical or laboratory findings.
Coronary artery ectasia was defined as dilation of the coronary artery to > 1.5 fold the diameter of the adjacent normal coronary vessels according to Falsetti and Carroll. 6) In this study, we used the following anatomical classification of CAE in the evaluation of the extent of distribution of coronary artery ectasia. The coronary artery tree was subdivided into proximal, middle, and distal segments. For the left anterior descending artery (LAD), the vessel segments were defined as follows: the proximal segment was between the left main trunk and the first diagonal branch, the middle segment was between the first and second diag-Vol 46 No 2 onal branch, and the segment distal to the second diagonal branch was the distal segment of the LAD. In the same way, the proximal segment of the left circumflex coronary artery (LCx) was defined as the part of the vessel proximal to the first obtuse marginal branch, the median segment as the middle part between the first and second obtuse marginal branch, and the distal segment as the part distal to the second obtuse marginal branch. The corresponding segments in the right coronary artery (RCA) were defined according to the right ventricular branch and bifurcation of the posterior descending artery and the posterior left ventricular branch. According to the severity of ectatic involvement, ectasias were divided into three groups: CAE with one segment (group I), two segment (group II), and three segment (diffuse) involvement (group III). In addition, ectasias were subdivided depending upon the coexistence of coronary artery disease: isolated CAE (group I), CAE with coexisting stenotic lesions of < 50% (group II), and CAE with coexisting stenotic lesions of > 50% (group III). Assessment of coronary blood flow: The TIMI frame count was determined for each major coronary artery in each patient according to methods first described by Gibson, et al. 20) The first frame is defined as the frame in which concentrated occupies the full width of the proximal coronary artery lumen, touching both borders of the lumen, and forward motion down the artery. The final frame is designated when the leading edge of the contrast column initially arrives at the distal landmark. The final frame used for the left anterior descending artery was the frame in which frame dye first entered the mustache segment. The final frame for the circumflex artery was found by using dye that first entered the distal bifurcation segment; this was the longest total distance from the coronary ostium. The frame in which dye first entered into the first branch of the posterolateral artery was used as the final frame for right coronary artery filling. Complete opacification of the target artery was not required for determining the final frame. Measurement of the frame count for each artery was then conducted by subtracting the first frame from the final frame. The LAD is usually longer than other major coronary arteries; the TFC for this vessel is often higher. The corrected left anterior descending artery frame rate was calculated by multiplying the frame rate by 1.7 as defined previously. The arteries that had values over the predicted normal frame counts were assessed as having slow coronary flow. Statistical analysis: Data are presented as the mean ± SD. The KolmogorovSmirnov test was performed to determine whether the data were normally distributed. This data was compared using an independent-samples T test. Categorical variables were compared using the chi-square test. The data in the three groups were compared by the Kruskal-Wallis variance analysis method as appropriate. A P value < 0.05 was considered statistically significant.
RESULTS
The patient characteristics for the ectasia and control groups are presented in Table I . No statistically significant differences were observed between the two groups with regards to age, gender, presence of hypertension and diabetes mellitus, or smoking (P > 0.05 for all). The TIMI frame count of the RCA in the study group was significantly higher than that of the control group (53 ± 14 versus 23 ± 9, P < 0.001). The TIMI frame counts of the study group for the LCx and the LAD were also significantly higher than those of the control group (for LCx 43 ± 13 versus 23 ± 7, P < 0.05; for LAD 45 ± 16 versus 25 ± 8; P < 0.05) ( Table II) .
Coronary artery ectasia was found in 97 (1.3%) of the patients undergoing coronary angiography. Fifty-nine patients had an isolated coronary ectasia (group I); the RCA in 31, LCx in 12, and LAD in 16. Twenty-one patients had coronary ectasia with nonsignificant stenosis (< 50%) (group II): the RCA in 9, LCx in 5, and LAD in 7. Sixteen patients had coronary ectasia with significant stenosis (> 50%) (group III): the RCA in 7, LCx in 4, and LAD in 6. TIMI frame counts were compared among the groups to demonstrate whether coexisting nonsignificant and significant stenosis influences TFC (Table III) . There were no statistically significant differences in TIMI frame counts among these subgroups. Values are mean ± SD. NS = not significant; SBP = systolic blood pressure; DBP = diastolic blood pressure. In the present study, 9 of 59 patients with isolated coronary ectasia (15.2%) had only one ectatic segment, 19 had two ectatic segment, and 31 had three segment involvement. TIMI frame counts were compared among these groups to demonstrate the alteration of coronary flow according to the severity of ectatic involvement in CAE. TIMI frame counts were larger in those with two segment involvement (group II) than in coronary ectasia with one segment involvement (group I), and larger in those with three segment involvement (diffuse) (group III) than in coronary ectasia with two segment involvement. However, none of these differences between these groups was statistically significant (P > 0.05) (Table  IV) .
DISCUSSION
Hartnell, et al 1) used the term ectasia to define abnormal dilation of coronary segments 1.5-fold or more of the adjacent normal segment. Coronary artery dilation may be localized or diffuse with or without coronary artery stenosis. The incidence of coronary artery ectasia in patients undergoing angiography has been reported as 0.3-4.9%, regardless of coexisting coronary artery stenosis. [1] [2] [3] [4] Most studies have shown that underlying cytological changes are identical to those found in atherosclerotic lesions. The majority of CAE are due to coronary artery atherosclerosis. [5] [6] [7] [8] [9] In 30% to 40%, CAE is associated with congenital coronary abnormalities 10, 11) and connective tissue diseases. [12] [13] [14] [15] [16] Kruger, et al 17) have postulated that altered coronary flow in CAE may induce myocardial ischemia and infarction. Hamaoka, et al 19) found by means of a Doppler guide wire significantly reduced coronary flow velocity in patients with Kawasaki disease. These measurements have been significantly correlated with coronary flow velocity measured with a Doppler guide wire by several investigators. 18, 19) Gibson, et al 20) described the Thrombolysis In Myocardial Infarction (TIMI) frame count method for measuring coronary flow velocity from coronary angiograms. In the literature, the phenomenon of coronary slow flow is well known for coronary artery ectasia. [17] [18] [19] It has been speculated that slow flow is aggravated with the increasing severity of ectasia involvement. However, the relationship between coexisting nonobstructive stenosis and the severity of ectatic involvement and slow flow has not been well documented by means of the TIMI frame count.
The overall incidence of CAE in this study was similar to that reported in previous studies. CAE was most frequently found in the right coronary artery and CAE tended to involve one and two vessels. Also, the TIMI frame counts for each coronary artery in the ectasia group were significantly higher than those of patients with angiographically normal coronary arteries. Recently, Papadakis, et al 21) documented slow coronary flow in patients with CAE by using the TIMI frame count method. Also they further demonstrated that the right coronary artery ectasias with coexisting obstructive disease had the slowest coronary flow. In this study, we evaluated the effects of coexisting nonsignificant stenosis and significant stenosis together on TFC in patients with CAE. When ectasia coexisted with nonsignificant stenosis or significant stenosis, the TIMI frame counts were not different from that of coronary ectasia. In other words, the presence of the coexisting nonsignificant stenosis or significant stenosis did not further impair flow velocity in patients with coronary ectasia. Additionally, we demonstrated that the severity of ectasia involvement, regardless of the localization of ectatic segments and the type of affected vessel, did not change the TFC. These findings suggest that the coexisting stenosis and the severity of ectasia involvement may not be strongly related to TIMI frame count. Although we cannot explain the underlying mechanisms precisely, these data indicate that, in addition to the coexisting stenosis and the severity of ectasia involvement, increased microcirculation resistance observed in coronary ectasia and coronary artery disease can affect TIMI frame count in patients with CAE.
